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Gram-Positive Antibacterial Composition and Metiiod fat Use 

Haftlcpronnd off the In vention 

Gram^osilive bacteria are the cause of muneKWis aaimal diseases that affisct Hvestodc 
One soch bacterium is Clostridium Perfnngfim and causes disease in both swine and 
poultry. In poultry. Clostridium Perfiingens causes Necrotic Enteritis C^'O- ^ Swine, 
CSostridium Pafiingeas causes Clostridium Porfting^ Aitoitis C'CPFO. 

NB and CPE have been reported fix>m most areas of the yotld and has been seen to h«ve 

siguificant economic inqwct on die poultry and swine industry. NE as a domestic avian 
disease was first descnT)ed in 1961 and flK annual loss due to NB woridwide is estimated 

to be more dian two bilUon US dollars. 

Ifader fiivorable conditions inside the avian gut. this organism can multiply quickly and 
idease toxins whi<A cause gross lesions consisting of large areas of necrosis of the 

of the lower small intestine, abo in caeca and liver in some cases. Intestinal stresses 
caused by dietary risk fiictors and oocddiosis etc. are considered die predisposing fiictor 
fbr the disease. The classical forms of NE tends to occur as outbreaks of severe diseases, 
principal^ affecting birds 2-5 weeks of age and characterized by an acute course of loss 
of appetite, depression. lufiBed feathers, diarrhea, decreased rate of gain and sudden 
deaft. MbrtaKty rate in untreated flocks can readi 10% or more. 

A variety of antibiotics such as virgmiamycin and bacitracin have been used to prevent or 
control Clostridium Perfrtngens related diseases. These amniotics are administered to 
the animals by addmg it to animal feed. However, antfciotic resistance does occur. In 
July 1999. the European community banned the use of feed-grade antibiotics, including 
virginiamycin and bacitra«an. A similar action will soon be seen in the rest of the wwld 
due to the increasing pubUc awareness of the negative impact of antibiotics on the 
enviromnent and human health. The primary problem &ced by poultry and swine 
producers in the absence of antibiotics is NE and CPE. Therefore there is a need to find 
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cost-e£ffective altenurtives to inhibit gram-podtive bacteria in Bvestodc and prevent gram- 
positive idated diseases such as NE and CPB. 

pescription of the Invention 

Lysozyme (EC 3^.1.17, nniramidase) natnrany occms in several mammalian secretions 
(milk.saliva.teara). Ih indnstry.it is extracted fixMn hen egg white due to its abundance. 
It is a 14.6 kDa single peptide ttiat can result in ceU ly»s by cleaving flie p(l-4) 
glycosidio linkages between AT-acetyhmiiamic add and A^acetylglucosamine in the 
peptidoglycan layer of flie bacterial cell. Lysozyme has an extremely higji isoelectric 
point (>m and consequently is higUy cationic at neutral or add pH. to solution, 
lysozyme is relatively stable at low pH and is active over the temperature range of I'C to 
rbdling. 



Lysozyme is effective against certain Gram-positive bacteria including Clostridium 
species. Iithasbeenusedinthedieeseindu8tryasabio-protectantformorethan20 years 
to prevent the butyric jqwilage which causes flie late blowing of semi-hard chew 

OostridUm Tynbvtyricum. 

In one embodiment of flie invention, lysozyme is added to animal feed to control and 
prevent gram-positive bacteria related diseases in animals. The appUcant has shown 
lysozyme to be very effective against gram positive bacteria such as Oostrtdium 
Petfiing0U. Figure 1 shows minimal inhftitory concentration CMIC") plates for 
lysozyme against Chstridium Petfringens. Lysozyme shows efficacy for mhibithig 
Oostrtdium Perfringens at a dose of 200 ppm. Lysozyme can therefore be added to bnd 
and swine feed in order to prevent NB and CPE respectively. Antibiotic usage costs 
iqjproximately USD$3 to USD$5 per metric ton ("MT") of feed. In order to maintain 
efficacy at 200 ppm. lysozyme would cost USD$20/MT of feed. Whfie flie cost would 
increase, the invention has the advantage of using lysozyme as opposed to conventional 
anitbiotics. 
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In another embodiment of Ifae invention, a composition containing lysozyme, albumen 
and an organic acid is added to animal feed to prevent granirporitive bacteria retaled 
diseases in animals. The applicant has shown that by adding albumen and an organic 
acid, sudi as citric acid, to lysozyme. there is an increased efficacy for mhibiting 
aostridium Peffririgens dne to synergistic effects between lysozyme. albumen and dtric 
acid. Citric acid works as an anti-oxidant and is synergistic witii lysozyme. Keeping the 
gut of birds and swine acidic increases the ovetaU effectiveness in inhibiting Clostridium 
PafilHgens. Otiier native components of egg white or albumen, ftom which lysozyme is 
doived. work weU hi uiMbiting numerous bacteria, yeasts, molds and vkus as weU as 
inhibiting many proteases. The toxins fbst are produced by Oostrtdia causing flie 
symptoms of NB and CPE, are hihibitedbyttie synergies of flie egg white proteins. 

Bxpenmental data relating to flie synergies between lysozyme. citric acid and albumen 
are iltastrated hi Figure 2. Figure 2 shows MIC plates of aostridium Perfiringeas 
iiuxndated wifli a 100 times dilution of blend 2571B. Blend 2571B contams lysozyme. 
albunen and citric acid in a ratio of 50:150:50. As can be seen fiom tiie MIC plates, 
blend 2571B shows efficacy for mhibiting Clostridium perfiingens at roughly 50ppm. 
Therefore although tiie relative amount of lysozyme has been decreased, tiie efficacy of 
tiie composition has increased as a result of the synergies between lysozyme, citric acid 
and albumen. It is inqiortant to note that although the effective uiha>itory dose of blend 
2571B is SOppm. lysozyme represents only a ftaction of that blend. Given the relatively 
low cost of albumen and citric acid as compared to lysozyme, blend 2571B would cost 
approxnnately USD$3/MT of feed to be effective in inhibiting Oostrt^Uum Perfringens at 
50ppm. 

In another embodiment of fiie invention, a compoation conlaimng bofli lysozyme and a 
lantibiotic is added to animal feed to prevent gram-positive baoterte rotated diseases hi 
ammals. the appUcant has shown tiiat by addmg a tantiWotic, such as nism. to lysoayme 
tiiere is an mcreased efficacy for mhibiting aostridium Perfiingens due to synagistic 
effects between flie lysozyme and the lantibiotic. 
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^oimentaldataielatiiigto the energies between ni^ and lysozyme areillustiHtBd in 
Figure 3. Rgme 3 shows ftactional inhibitory concentration CHC*) plates otaostridium 
Peifrtngens inoculated with a 100 times dilution of varying amounts tysozyme and nisin. 
Note fliat lysozyme is effective alone at 200ppm. However, by increasing ^ amount of 
nisin to Bppm, only 8ppm of lysozyme is required to acMeve a bactericidal effect on 
OostridiumPeifiia&ns. 

In ano&er esibodimmt of flie invention, a composition containing lysozyme, albumoi, 
organic acid and a lantibiotic is added to animal feed to prevent gram-positive bacteria 
related diseases in animals. The appUcant has shown that a composition containing a 
lantibiotic, aidi as nism, isozyme, albumen and an organic acid, sudx as citric acid has a 
hi^ ^cacy for mitiWting Oostridium Perfiinsais due to the synergies between 
lysoag^e* nisint albumen and citric acid. 

Bypw^mental data relatmg to the syn^es between nisin, lysozyme, citric acid and 
albnmen is iUustrated in Figure 4. Figure 4 shows MIC plates of Clostridium PerfHngens 
inoculated with a 100 times dUution of blends 250 and 270. Blends 250 and 270 contains 
lysoagme, nisin. citric add and albumen in ratios of 33:17:50:150 and 50:20:50:150 
respectively. The MIC plates show an effective dosage of this coinbinalion, against 
Clostridium perfiingens, is roughly 20ppm. Therefore, by adding nisin. the effective 
dosage of has been decreased from approximately 50ppm (see blend 2571B) to 20ppm. A 
blend of lysozyme, nisin. citric acid and albumen is extremely cost effective at less ibm 
$1USD/MT of feed while mamtainii^ efBcacy for inlubiting Clostridium perfiingens at 
20ppm. 
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s PLATE Set up Date: July 3/02 Rocording Date: July 5/02 Media: LB Temperature: 30*C 
48 Cte««r«?amptfrfrfngan« inoculated wnn 10' dBueon 4i 
1 2 3 * S 6 7 6 9 10 11 
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A 
B 
C 
D 

E 
F 

I bacteria G 



lo bacteria H 

(ppm) 10000 SQOO 250O 12S0.0 82S.O 

nd 2S71B: uyto/albumen/dtrlc acto 50:1QQ;S0 
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C PLATE 



Date: Media: Tempora(ture:*'C 
1 2 3 4 5 



10.5 



10 



9.6 



11 



12 



100. 60 



25 12.S 6,3 3.1 1.6 05 04 0^ 0.1 



IC PLATE D«te: Media: Temperature: 

1 2 3_ 4 5 6_ 



10 11 12 



(ppm) 10Q0Q 5000 2500 1250.0 625X) 312.5 1S65 78.1 39.1 105 9.6 



MQ PLATE Date: Media Temperature: *Q 

1 2 Z 4^ 6 6. T 



8 9 10 11 12 



(ppm) lOOOO 5000 2500 12E0.0 625.0 312.6 156,3 76.1 39.1 t95 9.8 
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ATE Date: July 24/Q2 Recorded: JuJy 29/02 Media: lB pH6.5 Temperature: 31* O anaeroblu 
Clostridium perfringons Inoculated at 10'^ dauGon 

12 3 4 5 e 7 B 9 10 11 

end 250 
'And 250 
lend 270 
lendZTO 
isozyme 
ifso2yme 
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ipm) 1000 600 2S0 125.0 e?..5 15.6 7.S 3.9 2.0 10 0 

BO: lyBoatymWhivlnfeltrie acM/alhumMi aaf17:S0:1fi0 
ro; lyiozymeMlsinfoltric Bctd/alhumm 60120:60:180 
LAT£ Date: Media: Teinperature:''C 

1 2 3 4 6 6 7 6 9 10 It 12 



100 so 



9fi 



12J5 63 3.1 1.6 0.6 0.4 02 0,1 



»LATE Date: Media: Temperature: ''C 
1 2 3 4, 6 



10 11 



12 



(ppm) 10000 aOQQ 2S00 * 1250X) 625X1 312.6 156.3 78.1 39.1 19.S 9.6 0 



PLATE Date: Media Temperature: ^'C 

1 2 3 4 5 ' 6 



7 B 9 10 11 12 



(ppm) 10000 5000 2500 1250.0 625.0 312.5 156.3 76.1 30.1 19^ 9.8 0 



